In order to study the mechanism of the irreversible effects of BrdUrd on the differentiation of limb bud mesenchyme to cartilage, the reannealing behavior of DNA obtained from such cells was examined. Cells incubated with [3Hlthymidine ([3H]dThd) during days 1 and 2 of culture incorporated label into repetitive, moderately repetitive, and unique classes of DNA. In contrast, when 5-bromo-2'-[3Hjdeoxyuridine ([3HJBrdUrd) Preparation of Carrier DNA. Twelve-day-old frozen chick embryo carcasses were homogenized in 2 volumes of 0.15 M NaCI-0.015 M trisodium citrate (pH 7.0) using a Virtis Homogenizer. The resulting thick suspension was filtered twice through two layers of gauze and was made 1% with respect to sodium dodecyl sulfate (Aldrich Chemical Co.) and 2-mercaptoethanol (Eastman Kodak Co.). This mixture was incubated for approximately 1 hr at 600 with frequent shaking until the material was largely solubilized. Phenol (Mallinckrodt Products, saturated in NaCI-trisodium citrate buffer) extractions were performed until no protein precipitate was visible. This procedure was repeated using chloroform:isoamyl alcohol (24:1 vol/vol). Three volumes of absolute ethanol (00) were added to the clear viscous solution, and the precipitated nucleic acids were collected on a stirring rod and dissolved immediately in 80 mM phosphate buffer at pH 6.8 (80 mM PB).
[3Hjdeoxyuridine ([3HJBrdUrd) The thymidine (dThd) analogue, 5-bromo-2'-deoxyuridine (BrdUrd), inhibits the expression of the differentiated phenotype of several cell types (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Available evidence indicates that in cultured chondrocytes, BrdUrd must be incorporated into the genome to exert this effect (1, 12, 13) . Schwartz and Kirsten (14) recently demonstrated the preferential incorporation of BrdUrd into moderately repetitive sequences in rat cells incubated with low levels of the analogue. Schwartz has also demonstrated the presence of BrdUrd-rich regions vulnerable to attack by the singlestrand specific nuclease Si, at low pH after probable depurination (15) .
Dissociated stage 24 limb bud mesenchyme cells differentiate into cartilage when plated at high density or at low density after culture over agar (12) gM BrdUrd for the first 48 hr of culture and then washed and fed with BrdUrd-free medium for the remainder of the period of culture.
Preparation of Carrier DNA. Twelve-day-old frozen chick embryo carcasses were homogenized in 2 volumes of 0.15 M NaCI-0.015 M trisodium citrate (pH 7.0) using a Virtis Homogenizer. The resulting thick suspension was filtered twice through two layers of gauze and was made 1% with respect to sodium dodecyl sulfate (Aldrich Chemical Co.) and 2-mercaptoethanol (Eastman Kodak Co.). This mixture was incubated for approximately 1 hr at 600 with frequent shaking until the material was largely solubilized. Phenol (Mallinckrodt Products, saturated in NaCI-trisodium citrate buffer) extractions were performed until no protein precipitate was visible. This procedure was repeated using chloroform:isoamyl alcohol (24:1 vol/vol). Three volumes of absolute ethanol (00) were added to the clear viscous solution, and the precipitated nucleic acids were collected on a stirring rod and dissolved immediately in 80 mM phosphate buffer at pH 6.8 (80 mM PB).
The nucleic acid was then subjected to RNase digestion with 25 units/ml of T1 RNase and 50 units/ml RNase A (Worthington) at 370 for 3 hr. The RNase was made DNasefree by incubation at 800 for 10 min. The solution was then re-extracted with chloroform-isoamyl alcohol, precipitated with ethanol, dissolved in 80 mM PB, and frozen until sonicated. The 260:280 absorbance ratios were consistently above 1.8. Reannealing Curves. Reannealing mixtures contained between 0.4 and 0.9 mg/ml of carrier DNA, 80,000-200,000 cpm/ml of radioactive DNA, in 0.4 M PB and was 3 mM with respect to EDTA (14) . The initial A260 was recorded, and aliquots were sealed in 50 to 100-1l capillary tubes as described by Schwartz and Kirsten (14) . The tubes were immersed in boiling water for 10 min and immediately transferred to a 650 water bath. Tubes were withdrawn periodically and flash frozen in a dry ice-acetone bath to terminate the reaction. Tubes were stored at -40 until diluted into 80 mM PB and assayed over hydroxyapatite as described by Schwartz and Kirsten (14 (20) . Reannealing analyses Fig. 2 shows the reannealing behavior of DNAs obtained from limb buds incubated with isotope for the first 48 hr in culture. Fig. 2A (Fig. 2C) . Fig. 3 demonstrates the reannealing behavior of DNA obtained from cells labeled during the third and fourth day of culture. Fig. 3A (24) . Britten and Davidson proposed that this repeated DNA was important in regulation of phenotypic ex- pression in diversified cell types (24) . Paul has further proposed that moderately repetitive DNA, which has been shown to be interspersed with unique sequences throughout the Drosophila genome (25) , forms "address sites" to which regulatory substances bind to modulate gene activity (26) . A model has been proposed in which histone proteins keep genes "turned off" and non-histone proteins selectively turn them on (27) . Recent work by Paul and coworkers (28) (1976) tion with BrdUrd and [3H]dThd confirmed the preferential incorporation of BrdUrd into moderately repetitive regions. This phenomenon may explain the inability to detect significant amounts of BrdUrd in unique sequences. The data are consistent with the hypothesis that in the first 2 days of limb bud culture BrdUrd is being incorporated into moderately repetitive sequences which are being amplified. This amplification synthesis could be carried out by a separate polymerase that has a higher affinity for BrdUrd than dThd. After exposure to the analogue, the substituted, amplified regulatory sequences would be broken down and the cells irreversibly prevented from differentiating. The amplification of nontranscribed sequences initially present in multiple copies would remain undetected by current techniques. Preliminary evidence has shown sequences complementary to the BrdUrd-labeled late moderate DNA are present in 2-to 4-fold greater quantities in mature chondrocytes than in limb bud, in liver, or in limb bud cells that had been incubated with BrdUrd (Strom, C. and Dorfman, A., unpublished results). The nucleotide turnover experiments indicate that the BrdUrd is being actively excised from the cellular DNA in the period following exposure to the analogue. The unusual pattern of dThd turnover remains unexplained and will be studied further.
